Ptosis describes a low position of the upper eyelid. When this condition is due to poor function of the levator palpebrae superioris muscle, responsible for raising the lid, "browsuspension" ptosis correction is usually performed, which involves internally attaching the malpositioned eyelid to the forehead musculature using brow-suspension materials. In service, such materials are exposed to both rapid tensile loading and unloading sequences during blinking, and a more sustained tensile strain during extended periods of closure. In this study, various mechanical tests were conducted to characterise and compare some of commonly-used synthetic brow-suspension materials (Prolene the mechanical properties such as the number of cycles required to reach the steady-state, the reduction in the peak force, and the cyclic energy dissipation varied considerably. To reach the steady-state, Prolene ® and the silicone rod required the greatest and the least number of cycles, respectively. Furthermore, the fatigue tests at physiologically relevant conditions (15% strain controlled at 6.5Hz) demonstrated that the reduction in the peak force during 2 100000 cycles ranged from 15 to 58%, with Prolene ® and the silicone rod exhibiting the greatest and the least value, respectively.
Introduction
Ocular health requires regular blinking to clean and lubricate the ocular surface, and to protect the eye from any irritants or harmful objects. When a blink was examined using a high-speed camera, it was found that it consisted of four phases; closing, closed, earlyopening and late-opening, depending on the upper eyelid motion (Kwon et al. 2013 ). The opening motion of upper eyelids was seen to be divided into two phases (early-and lateopening), depending on how much original palpebral aperture was recovered; early-opening and late-opening accounting for 97% and 100% recovery, respectively. For a healthy volunteer without any eye diseases it was measured that one full blink (from closing to lateopening phases) took ~600 ms although it only took ~300 ms for the one near-full blink (from closing to early-opening phases).
The closing and opening upper eyelid motions are primarily controlled by ocular muscles called orbicularis oculi (OO) and levator palpebrae superioris (LPS), respectively. Hence, when the LPS is maldeveloped or injured owing to accidents, tumours or loss of innervation, a drooping upper eyelid becomes manifest, and this is referred to as "ptosis". This eye condition results in disfigurement, headaches, visual impairment, and even irreversible sensory deprivation amblyopia, severe cases effectively leading to blindness in infants (Dutton 1989; Fox 1980) .
Severe ptosis with minimal LPS muscle function is generally treated by brow-suspension surgery, which involves subcutaneously attaching the malpositioned upper eyelid to the frontalis muscle using a brow-suspension material (Dutton 1989; Fox 1980) . Synthetic browsuspension materials, along with biological fascia lata, are widely used during this type of surgery but the former are often favoured because of their wide availability, freedom from the need to harvest the graft, less operative time and low risk of infection. Monofilament polypropylene Prolene ® (Chow et al. 2011; Manners et al. 1994) , multifilament polyamide Supramid Extra ® (Katowitz 1979; Kook et al. 2004 ) and silicone rods Lee et al. 2009; Leone et al. 1981 ) are a few examples of such synthetic materials. Depending on a patient's age, condition and intended implant duration, a surgeon intuitively selects the most appropriate brow-suspension material in order to achieve the best surgical outcome.
During the "brow-suspension" surgery, the selected material is tied at an "open-eye" position.
Hence, the brow-suspension material will undergo a rapid loading and unloading sequence during a blink, induced by the action of the OO muscle, thereby rapidly stretching and relaxing the material. In addition, during more prolonged periods of closure, the material will be subjected to a more sustained strain resulting both from the weight of eyelid tissues and the resting muscle tone. The tensile mechanical properties of brow-suspension materials are, therefore, of great importance. Single uniaxial tensile properties of some of commonly-used synthetic brow-suspension materials were studied by Kwon et al. (2014) , who reported significant different tensile properties such as elastic modulus, ultimate tensile strength and work of fracture among the materials. These synthetic brow-suspension materials are, however, polymer-based and hence have a viscoelastic response to loading and unloading and a study of the time-dependent mechanical properties such as stress-relaxation, creep and fatigue merit characterisation. Some researchers have studied the stress-relaxation and creep properties of some synthetic surgical sutures such as Prolene (Holmlund 1976; Vizesi et al. 2008) . In addition to different types of suture materials, mechanical testing conditions such as temperature, cyclic frequency and pre-set load or strain influence how the suture materials respond over time (Dao and Dicken 1987; Sauer and Richardson 1980; Vizesi et al. 2008 ).
To date, there has been no study comparing the viscoelastic properties of synthetic browsuspension materials used for ptosis repair. This study investigates such properties for some of the commonly-used synthetic brow-suspension materials, by conducting stress-relaxation and creep tests within a physiological strain or load range. Furthermore, preconditioning and fatigue tests were performed to see the effect of repetitive loading-unloading sequences on the mechanical properties of the materials. This work, carried out in collaboration with clinicians, might help guide the selection of brow-suspension materials on a more scientific foundation rather than by intuition alone.
Materials
The following synthetic brow-suspension materials were purchased and mechanically tested soon after removal from the packaging ( 
Methods
Three specimens of each brow-suspension material were investigated in each test described below and all the tests were performed at 22.0 ± 0.6°C with 45.0 ± 3.2% humidity. Each specimen was mounted securely using apposing rectangular clamps with rubber contact surfaces with a gauge length of 10 mm. In order to avoid any slippage of the thin suture type materials (Prolene ® and Supramid Extra ® II), they were first wound around a 10 mm-long wooden piece several times before mounting onto the machine using the clamps. Upon the secure mount onto the machine, each specimen was elongated 1.5 mm at 10 mm/min, then was held at the displacement for 30 minutes, continuously recording the induced force.
The relaxation ratio and the force reduction in percentage of each material were calculated using the following formula:
Relaxation ratio = F(ini)/F(end) Force reduction (%) = [F(ini)-F(end)]/F(ini)*100
where F(ini) is the force induced from the initial 1.5 mm elongation and F(end) is the force measured after the 30-minute stress-relaxation period.
Creep
Creep tests for the various materials were performed using the same machine and the software as in the stress-relaxation tests. A 5N load cell was used for all the materials and each sample was mounted in the same manner as for the stress-relaxation testing.
Upon the secure mount of each specimen, it was extended until the induced force reached the desired force (0.5N or 2N) at 1N/s, then the specimen was set to maintain the force over a period of 30 minutes, continuously recording the displacement. The recorded displacement values were converted to strain values based on the gauge length of 10 mm.
The creep ratio of each material was calculated using the following formula:
Creep ratio = D(end)/D(ini)
where D(ini) is the displacement measured when the desired force was first reached, and D(end) is the displacement measured after the 30 minutes creep period.
Preconditioning
Preconditioning tests for the materials were performed using the same machine, load cells and software as for the stress-relaxation tests. Upon the secure mount of each specimen as described in the stress-relaxation tests, a displacement-controlled triangular waveform was applied at 10 mm/min with 15% strain (=1.5 mm displacement). The strain and the induced force were recorded continuously for 100 cycles and the force recorded was converted to engineering stress by dividing the induced force by the initial apparent specimen dimensions.
For each loading-unloading cycle per specimen, the peak force was determined and the secant modulus was evaluated by dividing the corresponding stress of the peak force by the corresponding strain at that peak force. In addition, cyclic energy dissipation was evaluated by calculating the area of the hysteresis loop enclosed by the loading and unloading stressstrain curve. The number of cycles required to reach the steady-state was also recorded, the steady-state being identified when the values of both the peak force and the cyclic energy dissipation stabilised.
Fatigue
Uniaxial displacement-controlled fatigue tests for the materials were performed using a servo-hydraulic testing machine (Mayes, Instron) fitted with a 1kg load cell (Miniature SBeam Load Cell DBBSMM -1 kg, Applied Measurements Ltd., Reading, UK).
When each specimen was mounted securely in the same manner as the stress-relaxation tests, it underwent the program ( controller. The holding segments both at the beginning and the end were introduced to stabilise the system and the second segment of ramping was necessary to avoid any tensile breakage of the specimens.
The load and displacement data were collected using an A/D converter and were recorded by LabVIEW (National Instruments Corporation (U.K.) Ltd, Newbury, Berkshire). As described in the preconditioning tests, the peak force, its corresponding stress, secant modulus and cyclic energy dissipation were evaluated for each cycle. The first cycle was defined as the first loading-unloading sequence after the ramping and unloading at the beginning.
Statistical analysis
All statistical analysis was conducted with one-way analysis of variance (ANOVA) using the software package Origin 9.0 (OriginLab Corporation, Northampton, MA 01060, USA). The
Tukey test was applied to compare the significant difference among the measured mechanical properties of the synthetic brow-suspension materials. P<0.05 was considered to be statistically significant. Figure 1 shows how the force changed over time when each of the synthetic brow-suspension materials was stretched to 15% strain and then held at that position.
Results

Stress-relaxation
The stretch to the desired strain at 10 mm/min resulted in an instant increase in force for all the materials, reaching their peak forces. Over the relaxation period, there was an early rapid reduction in force, followed by a more gradual decay towards a plateau. For all the materials except Prolene ® , the first phase of rapid reduction lasted less than 60 seconds of the relaxation period, reaching the plateau after ~10 minutes. This most rapid decay in force for Prolene ® appeared to last ~10 minutes, followed by a gradual decay that extended beyond the 30 minutes relaxation period -a plateau not being reached for Prolene The initial strain and creep ratio for each of the brow-suspension materials are summarised in Table 4 .
The resultant strain when the desired force was first attained (initial strain) varied greatly. It ranged from 1.3% to 43.6% for the 0.5N testing, and from 7.8% to 275% for the 2N creep testing, with Visitec ® SFSS always being an order of magnitude greater than the other materials. Prolene ® gave a significantly different creep ratio compared with the others for both 0.5N and 2N creep tests (p < 10 -5 ). While the creep ratio was 1.1-1.4 for the other materials (at both 0.5N and 2N constant loads), the value for Prolene ® was 2.2 at 0.5N constant load and 1.8 at 2N loading.
Preconditioning
Various curves obtained during preconditioning tests for synthetic brow-suspension materials are shown in Figures 3 to 6 and their results are summarised in Table 5 .
Hysteresis loops are shown on the force-strain graphs for all the brow-suspension materials and the loops appeared to reach a steady-state with almost constant shape and area after a different number of cycles. Prolene ® and Visitec ® SFSS required the greatest and the least number of cycles with ~90 and ~20, respectively. Both Supramid Extra ® II and Mersilene ® mesh required intermediate values, namely ~40 and ~60, respectively.
After the first loading-unloading cycle, a toe-region on the force-strain graph was observed for all the brow-suspension materials except Visitec ® SFSS. During the second loading cycle, the force was ~0N up to 5-6% strain for Prolene ® , Supramid Extra ® II and Mersilene ® mesh while the force started to increase from 0% strain for Visitec ® SFSS. Hence, Visitec ® SFSS alone a exhibited distinctly different shape of hysteresis loop, which appeared to be more 'linear' with less area coverage compared with the others.
The force-strain curves were observed to shift down with subsequent loading-unloading cycles. When the peak force was evaluated per cycle then plotted against the number of cycles for all the materials (Figures 4), the evolution of peak force illustrated a rapid drop at the beginning followed by gradual leveling off towards the end of 100 cycles with varying levels of reduction. (Figure 6a ).
Regardless of this drastic difference in the values, the behaviour over the 100 cycle tests were the same, with a rapid decrease at the beginning followed by gradual leveling-off as the number of cycles increased (Figure 5b and 6b).
Fatigue
The force-strain curves obtained during fatigue tests for the materials investigated in this work, together with various curves showing how mechanical properties such as peak force, secant modulus and cyclic energy dissipation change with increasing the number of cycles are illustrated in Figures 7 to 10. These results are summarised in Table 6 .
No failure was observed for any of the materials after 100,000 cycles at 6.5 Hz. These fatigue test results are summarised in Figure 11 .
Discussion
Choice of testing strain and load
In this study, the time-dependent responses of synthetic brow-suspension materials were compared by performing stress relaxation and creep tests. The constant loads of 0.5N and 2N
used for creep tests and the constant strain of 15% used for stress relaxation tests were chosen based on exploratory experiments performed just prior to this work: Developing a method for direct measurement of orbicularis oculi (OO) strength is one of our on-going projects and the related preliminary results gave 0.2N and 1.8N for normal eyelid closure and forced eyelid closure, respectively. Moreover, Jacobs (1954) measured the OO strength to be ~0.6-0.7N by applying a cylinder-piston apparatus connected to a mercury manometer on a closed palpebral fissure of a healthy subject. Therefore, 0.5N and 2N were selected to simulate the forces that an implanted brow-suspension material is likely to encounter during normal blinking or forced eyelid closure, respectively. The constant strain of 15% used for stress relaxation tests was selected based on calculation for the most commonly-used browsuspension surgical configurations, namely Fox pentagon and Crawford triangle techniques.
By analysing metrical data for the incision position of each configuration, we have found that, during blinking, the implanted materials were likely to undergo tensile strain of 16.0±0.9%
and 25.5±1.7% for Fox pentagon and Crawford triangle, respectively. However, the forcestrain relationship obtained by uniaxially stretching the synthetic brow-suspension materials at 1500 mm/min revealed that Prolene ® and Supramid Extra ® II needed 3.4-3.7N to result in 15% strain (Kwon et al. 2014) . These values are already greater than what the materials would seem to experience during a forced closure (namely ~2N), and hence choosing the 15% strain as a tensile strain amplitude for strain-controlled mechanical tests is reasonable.
Stress-relaxation
The stress relaxation tests showed that the force required to maintain the strain of the materials decreased over time, but by varying degrees. A rapid initial stretch of a polymer material results in the increased internal stress in the material. However, when the material is held at a constant strain for a period of time, the polymer chain molecules rearrange themselves in order to stabilise and to minimise the internal stress, thereby reducing the resultant force and exhibiting stress relaxation response. All the materials except Prolene (Holmlund 1976; Vizesi et al. 2008 ) comparing the tension loss or relaxation ratio between Prolene ® and nylon-or polyester-based suture materials.
Creep
The significantly different time-dependent response of Prolene ® was also confirmed by creep tests, since Prolene ® was found to have significantly greater normalised strain or creep ratio over the 30 minutes creep period as compared with the others -regardless of the amplitude of the constant load. The creep response at either 0.5N or 2N included both primary and secondary creep phases, with varying degrees for all the materials except Visitec ® SFSS. The gradual increase in strain after the initial rapid increase corresponded to the primary creep phase with its increasing rate being slowed down over the creep period. This phase was followed by a near-constant creep curve, which corresponded to the secondary creep phase. with Prolene ® is about -20°C (Vizesi et al. 2008) . Hence, at the ambient test temperature, the viscous fluidity would relatively dominate over the elastic solid nature of Prolene ® , thereby allowing for increased polymer chain mobility.
Preconditioning and fatigue
Any brow-suspension material implanted to repair severe ptosis will be subjected to a rapid tensile loading and unloading sequence during blinking, each cycle lasting < 1s. A human adult is considered to blink about 12 times per minute (Fatt and Weissman 1992) , which means an implanted brow-suspension material would undergo 720 rapid tensile loading and unloading cycles per hour, or 17280 cycles per day. This frequency of loading underlines the importance of studying the mechanical properties of such materials with rapid and repeated loading and unloading sequences.
During ptosis surgery, the synthetic brow-suspension materials are implanted in a 'virgin' state, and so it is of particular interest to see whether subsequent blinking action would lead to any changes in the mechanical properties of the implanted material, and, if so, then the question of how many blinks are required to reach the steady-state is of importance. This steady-state is known as the "preconditioned state", where no further changes are observed. It is desirable for a brow-suspension material to have a small preconditioning cycle number, so that the implanted materials stabilize early to allow rapid assessment of the results of surgery (and appropriate action if the ptosis has been either overcorrected or undercorrected).
Considering the average duration for the closing phase of a blink was reported to be 76±2ms (Kwon et al. 2013) , the frequency of 6.5Hz was evaluated to be ideal for a tensile cyclic test to mimic the blinking action since it would take 76.9ms for a double amplitude (i.e. for 0-15% strain in this study) at such frequency. However, this rapid stretch resulted in a tensile break of the brow-suspension materials and therefore the preconditioning tests had to be conducted at a much slower rate, whereby subsequent loading-unloading cycles could be applied without fracture of the materials. The rate of 10 mm/min for the preconditioning tests was chosen due to the limits of the machine, so that the pre-set strain of 15% was accurately controlled, collecting adequate number of data points to see any effect of subsequent cycles.
In the preconditioning tests, hysteresis loops were observed over the entire 100 cycles for all the materials. It is notable that the force-strain curve did not start from 0N for the first loading cycle (Figure 3 ), this being because of a small force (0.07-0.3N) introduced when each specimen was clamped in the taut state. The plateau region between 0% and 5-6% strain during the second loading cycle for Prolene ® , Supramid Extra ® II and Mersilene ® mesh is likely to be due to an irreversible elongation, caused by the internal changes in the initial structure of the polymer materials in response to the first loading cycle. In addition to the internal change, the first loading cycle would have caused the alignment of polyester fibres in the direction of the applied loading, increasing the aspect ratio of oval shaped micrometresized pores in Mersilene ® mesh and this external change in the mesh structure would also result in irreversible elongation.
In the fatigue tests, the machine was operated to its limit, thereby generating some artefacts in the data; these artefacts not being considered in this data analysis and explain some gaps between data points on the peak force, secant modulus and cyclic energy dissipation curves (Figure 8-10 ).
During the stress-relaxation tests, as well as both cyclic tests (preconditioning and fatigue), all of the materials were extended until 15% strain was attained. When the force induced by this 15% strain was compared among the three different test methods, no significant difference was found between the force values for stress-relaxation tests and preconditioning tests; this result being expected as the material was extended at the same rate (10 mm/min) in each test. A significant difference was, however, found for Prolene ® and Supramid Extra ® II when they were stretched at 1 mm/s (60 mm/min) during the fatigue tests, i.e. 4.0-4.3N vs.
6.2N for Prolene ® and 4.7-5.4N vs. 8.2N for Supramid Extra ® II. This significant difference is caused by the different strain rates, since increasing strain rate has been reported to result in increasing peak force (Ching et al. 2000; Nilsson 1982 
Hysteresis loops in preconditioning and fatigue tests
As shown in the preconditioning and fatigue tests, a loading-unloading cycle produces a hysteresis loop for all materials, confirming their viscoelastic nature; such hysteresis loops arising because of a difference between the energy absorbed by the material during loading and the energy released by the material during unloading. Energy is absorbed during loading to allow deformation of the material, and some of this absorbed energy is released by recoiling polymer chains during unloading; the energy difference between the two phases is known to be dissipated as heat.
Hysteresis loops for the preconditioning and fatigue tests were of different shape only with Visitec ® SFSS and, unlike the three other materials, Visitec ® SFSS also did not exhibit a toeregion on the force-strain graphs during preconditioning tests throughout the 100 cycles.
Visitec ® SFSS also demonstrated a narrower hysteresis loop than the other materials, suggesting that silicone rod has a relatively strong elastic response compared with others; this might also explain the requirement for the least number of preconditioning cycles with this material. The unusual shape of hysteresis loop in fatigue testing for Visitec ® SFSS ( Figure   7c ) is likely to be due to machine effects, working at a high frequency with very low forces (<130 mN). This unusual shape led to fluctuating values in peak force, secant modulus and cyclic energy dissipation (Figure 8-10 ). The fluctuating characteristic was much more pronounced for secant modulus values, since the corresponding strain at the peak force recorded per cycle would have varied substantially between 0% and 15% owing to the irregular hysteresis shape. Nevertheless, when the peak force per cycle was normalised for Visitec ® SFSS, it appeared to follow a similar curve to that for Supramid Extra ® II as shown in the preconditioning test results (Figure 4b ).
Mechanism of fatigue
Except for Mersilene ® mesh, the overall shape and structure of all brow-suspension materials were maintained in the fully-reversed uniaxial cyclic tests (including preconditioning), although the hysteresis loops became displaced down the force-axis with increasing cyclic repetition, indicating cyclic softening in the materials. This trend for decreased peak force, secant modulus and cyclic energy dissipation follows a three-stage pattern: the first stage with a substantial decrease in the values during early cycles, the second stage with a more gradual decrease, and the third stage with a stable state at which no further changes in the values occurred. For all materials the last stage of stability was reached at a different number of cycles, although all followed the three-stage pattern throughout the 100-or 100000-cyclic tests ( Figure 4 and Figure 8 ). The cyclic softening of the materials is likely to be due to a combination of time-dependent stress-relaxation and fatigue damage. Our cyclic tests did not have a mean force of zero, and hence the time-dependent behavior of these viscoelastic materials is likely to contribute to the softening phenomenon. Fatigue damage during cyclic testing can be both mechanical and thermal (Sauer and Richardson 1980) . During cyclic loading and unloading, a polymer will tend to reach a dynamic equilibrium by rearranging or realigning the polymer chains in the direction of loading and unloading; some chains might break or slide upon each other during this period, resulting in reduced material strength.
Some surface abrasion or polymeric damage generated by interfibre friction during cyclic testing might also weaken the material. In addition to these mechanical contributions to fatigue damage, the cyclic loading and unloading could cause a temperature rise by hysteretic heating, thereby increasing the polymer chain movements and subsequently decreasing the strength of the material.
As the first closed hysteresis loop appeared at around cycle 10, this value was adopted for the peak force reduction calculations: The overall decrease in peak force between 10 and 100000 cycles was shown to be 57.8%, 21.9%, 15.2% and 41.6% for Prolene ® , Supramid Extra ® II, Mersilene ® mesh and Visitec ® SFSS, respectively (Table 6 ). Prolene ® exhibited the greatest reduction, but this is expected because of its different time-dependent stress-relaxation response. Moreover, Chen and Wong (2011) reported a rapid surface temperature rise from 25°C to 67°C with polypropylene specimens after 1200 cycles of strain-controlled fatigue testing at 5Hz; although the temperature stabilised at 50°C after 2000 cycles, it is still much higher than the glass transition temperature of this material. The greatest fatigue reduction seen with Prolene ® could, there, be attributed to both mechanical and thermal changes. In contrast, the force reduction with Supramid Extra ® II or Mersilene ® mesh is thought to be dominated by a mechanical contribution, since they both have much greater glass transition temperatures than Prolene ® (Vizesi et al. 2008) . Both Mersilene ® mesh and Supramid Extra ® II are, however, multifilament materials and the interfibre friction during fast cyclic loading is likely to result in surface damage and a consequent reduction in peak force; surface damage with Mersilene ® mesh might be greater than with Supramid Extra ® II, as Mersilene ® mesh exhibited a greater reduction in the peak force during both cyclic tests, whilst the converse was observed during stress-relaxation tests (Figure 4 and 8, compared with Figure   1 ). This significant difference would be due to their different structures. Whilst Supramid Extra ® II is formed by twisting nylon filaments into a thicker fibre, Mersilene ® mesh is formed by inter-weaving polyester fibres into a mesh (as shown in scanning electron micrographs reported by Kwon et al. (2014) ). Mersilene ® mesh has much less contact area between the fibres, which might lead to more concentrated and more prominent surface damage during cyclic tests; the surface abrasion observed at the fibre-interconnected areas on Mersilene ® mesh when rapidly loaded (1500 mm/min) supports this hypotheses (Kwon et al. 2014 ). The lowest percentage force reduction was evaluated for Visitec ® SFSS, with the mean reduction in force between the tenth and the last cycle being 0.02N (20mN).
For a given level of cyclic loading and unloading, a lower loss of modulus is associated with better resistance to fatigue (Echtermeyer et al. 1995; Pattin et al. 1996; Tang et al. 2004 ) and our work would suggest that Prolene ® and Visitec ® SFSS exhibit the poorest and the greatest resistance to fatigue, respectively, among the investigated brow-suspension materials.
Notably, the 1-2 orders of magnitude difference in secant modulus and cyclic energy dissipation among the various materials can be attributed to substantially different stress values owing to markedly different material sizes and geometries (Kwon et al. 2014 ).
General Remarks
The results reported in this study do not present the 'actual' values that an implanted synthetic brow-suspension material would experience, owing to limitations associated with the test model.
All of the tests were carried out in dry conditions, ignoring the in vivo environment of hydration at 37°C and at pH 7.4. We would, however, suggest that the broad conclusions would be similar if performed in wet conditions at 37°C; this speculation is based on the study reported by Vizesi et al. (2008) . When the effect of hydration is considered over the very long-term (years), there might be significant changes as Kook et al. (2004) reported severe morphological changes due to hydrolytic degradation in nearly a half of multifilament nylon (Supramid Extra) sutures removed at >4 years after implantation. The cyclic loading-unloading sequence only poorly mimics the complex, fourphase blinking profile, and the fatigue tests were limited to only 100000 cycles because of limited availability and high running costs of the testing rig. Assuming a blink rate of ~12/min, however, the 100000 cycles tested represents less than a week of in vivo use. Much more sophisticated test rigs and machine time are required in order to overcome these limitations. Nevertheless, the current study provides a relatively good comparison of timedependent response to static and dynamic tensile loading among the synthetic browsuspension materials.
Conclusions
The time-dependent response of four commonly-used brow-suspension materials (Prolene In addition to these static time-dependent characteristics, dynamic characterisation was performed by applying fully-reversed strain-controlled cyclic testing. Irrespective of the differences in the size, geometry and structure of the brow-suspension materials, they all demonstrated hysteresis loops and the loops were found to shift down in the force-strain graph with increasing number of cycles. The fatigue tests for 10 5 cycles at a physiologically relevant strain and speed revealed that the number of preconditioning cycles required to reach the dynamically stabilised condition and also the percentage reduction in the values of peak force, secant modulus and cyclic energy dissipation varied significantly between the various materials.
The fatigue and viscoelastic properties of some of commonly-used synthetic brow-suspension materials presented in this study have direct clinical implications. During brow suspension ptosis correction, precise setting of the eyelid position is key to a successful outcome. Our investigations suggest that even if an eyelid is set appropriately at surgery, the variable and sometimes marked time-dependent lengthening of these materials may result in a late undercorrection, as has been commonly reported. An understanding of the different timedependent responses of these materials by oculoplastic surgeons might help to direct choice of materials and improve surgical results. 
